This study sought to determine whether coronary artery bypass graft (CABG) surgery is associated with an increased risk of stroke compared with percutaneous coronary intervention (PCI).
Background
Some, but not all, randomized trials have reported increased rates of stroke with CABG compared with PCI. However, all these studies were powered insufficiently to examine differences in the risk of stroke reliably.
Methods
We performed a meta-analysis of 19 trials in which 10,944 patients were randomized to CABG versus PCI. The primary end point was the 30-day rate of stroke. We also determined the rate of stroke at the midterm follow-up and investigated whether there was an interaction between revascularization type and the extent of coronary artery disease on the relative risk of stroke.
Results
The 30-day rate of stroke was 1.20% after CABG compared with 0.34% after PCI (odds ratio: 2.94, 95% confidence interval: 1.69 to 5.09, p Ͻ 0.0001). Similar results were observed after a median follow-up of 12.1 months (1.83% vs. 0.99%, odds ratio: 1.67, 95% confidence interval: 1.09 to 2.56, p ϭ 0.02). The extent of coronary artery disease (single vessel vs. multivessel vs. left main) did not affect the relative increase in the risk of stroke observed with CABG compared with PCI at either 30 days (p ϭ 0.57 for interaction) or midterm follow-up (p ϭ 0.08 for interaction). Similar results were observed when the outcomes in 33,980 patients from 27 observational studies were analyzed.
Conclusions
Coronary revascularization by CABG compared with PCI is associated with an increased risk of stroke at 30 days and at the mid-term follow-up. Whether stroke is more frequent after coronary artery bypass graft (CABG) surgery compared with percutaneous coronary intervention (PCI) is controversial. Significant differences in the risk of stroke between CABG and PCI have not been found in most individual randomized controlled trials (RCT) (1,2), the 1 exception being the SYNTAX (Synergy between PCI with Taxus and Cardiac Surgery) trial, in which a significantly higher risk of stroke was apparent for patients treated with CABG (3). However, all RCT to date were powered insufficiently to detect differences in stroke between CABG and PCI, possibly resulting in false positive or false negative findings. We therefore performed a meta-analysis to determine whether CABG is associated with similar or higher rates of stroke than PCI after coronary revascularization across the spectrum of coronary artery disease (CAD).
Methods
Patients and end points. RCT comparing CABG versus PCI in patients with single-vessel CAD, multivessel CAD, and unprotected left main CAD in which the rate of stroke at 30 days, midterm follow-up, or both were included. The primary end point was the 30-day rate of stroke with CABG versus PCI. The secondary end point was the risk of stroke at the midterm follow-up.
Data source and study selection. Relevant trials were identified through MEDLINE, Cochrane, and EMBASE database searches using the keywords coronary angioplasty, coronary artery bypass, single-vessel coronary artery disease, multivessel coronary artery disease, and left main coronary artery disease. Two investigators (T.P., L.A.) independently reviewed the titles, abstracts, and studies to determine whether they met the inclusion criteria. Conflicts between reviewers were resolved by consensus. Statistical analysis. Data from RCT comprised the primary analysis set, whereas data from observational studies were considered secondary. The odds ratio (OR) and 95% confidence interval (CI) were used as the summary statistic. The pooled OR was calculated by using both fixed-effect (inverse variance-weighted) and random-effect (DerSimonian and Laird) models. Median follow-up and number needed to harm were calculated as previously described for meta-analysis (4, 5) . Potential interactions between revascularization method and the extent of CAD on the risk of stroke also were analyzed. Sensitivity analysis, betweenstudy heterogeneity of effects, and publication bias were assessed as previously described (6, 7) . Statistical analyses were performed using Stata/SE software version 11.2 (StataCorp LP, College Station, Texas). Values of p Ͻ 0.05 were considered statistically significant.
Results
Of 2,191 potentially relevant articles initially screened, 19 RCT with 10,944 patients (including 5,448 assigned to CABG and 5,496 assigned to PCI) met the inclusion criteria and were included in the final meta-analysis (Fig. 1 Figure 2A and Table 2 , patients treated with CABG had significantly higher rates of stroke than patients treated with PCI (1.20% vs. 0.34%, OR: 2.94, 95% CI: 1.69 to 5.09, p Ͻ 0.0001). The number needed to harm was 155, with an excess of 7 strokes for every 1,000 patients treated with CABG rather than PCI. No significant interaction with the period in which the studies were performed was apparent (p ϭ 0.25 for interaction) (Online Fig. 1 ). A gradient in the risk of stroke was observed in relation to the extent of CAD for patients treated with CABG, but not with PCI, although the interaction was not significant (p ϭ 0.57 for interaction) (Fig. 3A) , nor was there a relationship between the OR of stroke at the 30-day follow-up with CABG versus PCI in trials in which stents were used as opposed to balloon angioplasty only (p ϭ 0.52 for interaction). Risk of stroke at midterm follow-up. Twelve studies including a total of 7,052 patients contributed to this analysis. After a median follow-up of 12.1 months, patients treated with CABG had significantly higher rates of stroke than patients treated with PCI (1.84% vs. 0.99%, OR: 1.67, 95% CI: 1.09 Table 2 ). A gradient in the risk of stroke was observed in relation to the extent of CAD only for patients treated with CABG, with nonsignificant interaction (p ϭ 0.08 for interaction) (Fig. 3B) . Risk of stroke in observational studies. Similar findings were observed when we analyzed the results from 27 studies including 33,980 patients enrolled in observational studies (Online Table 3 ). As shown in Figure 4 and Table 2 , patients treated with CABG had an increased risk of stroke compared with PCI both at 30 days and at a median follow-up of 14.2 months. No significant heterogeneity was apparent across studies, and there was no apparent systematic bias as assessed by funnel plots and Peter's test (Table 2) . No individual study unduly influenced the primary effect estimate for either the RCT or observational studies.
Discussion
The main results of the current study, drawn from 19 RCT in which 10,944 patients were enrolled, are as follows: (1) patients with CAD undergoing CABG have a significantly higher risk of stroke than those treated with PCI, both at 30 days and after a median follow-up of 12.1 months; (2) although stroke rates were higher in patients with more extensive CAD (especially after CABG), the relative increase in stroke with CABG compared with PCI was not significantly affected by the extent of disease; and (3) the risk Stroke after CABG or PCI of stroke was substantially higher in observational studies than in RCT for patients treated with CABG (but not with PCI), and the relative reduction in stroke with PCI compared with CABG was even more pronounced in these so-called real-world studies, particularly at 30 days. Debate over the optimal strategy of revascularization in patients with CAD has continued over several decades (1) (2) (3) 6, 7) . Contrary to widespread belief, surprisingly few data on the relative risk of stroke between PCI and CABG are available (6) , and a statistically significantly higher rate of stroke with CABG has been reported only from a single randomized study, the recent SYNTAX trial, in which patients with triple vessel and left main CAD were enrolled (3) . Whether the findings of the SYNTAX trial are real and representative or denote the play of chance is uncertain.
Our meta-analysis, which includes 10,944 patients from 19 RCT clearly demonstrates that patients treated with CABG have a significantly higher risk of stroke than those treated with PCI. This risk appears by 30 days, with an excess of 7 strokes for every 1,000 patients treated with CABG rather than PCI, and remains consistent after a median follow-up of 12.1 months. Although stroke rates were higher in patients with more extensive CAD, the extent of atherosclerosis did not affect significantly the relative increase in stroke risk with CABG compared with PCI. The results from the observational studies confirm those from the RCT. The large number of patients included in this study and the satisfaction of all requirements for meta-analysis, in terms of low heterogeneity, absent publication bias, and sensitivity analysis, provide robust scientific validity to our findings, which can assist informed decision making by patients, their families, and physicians when deciding on the optimal strategy of revascularization in patients with severe CAD.
Two prior meta-analyses have analyzed the risk of stroke after CABG or PCI, with conflicting results (6, 7) . Compared with those studies, the present analysis is significantly larger, analyzed the relative rates of stroke both at 30 days and at the 1-year follow-up, and included patients with unprotected left main CAD. Also unique is our examination of the data for possible interactions between revascularization method and the extent of CAD and the inclusion of a separate meta-analysis of observational studies, which provides supportive insight into real-world outcomes with CABG versus PCI.
Some studies have reported that off-pump compared with on-pump CABG may reduce the risk of stroke significantly (8) , but these findings have not been confirmed in other studies (9) . In RCT included in our meta-analysis, offpump surgery was almost exclusively used in patients with single-vessel CAD. For this reason, we could not determine whether there was an interaction between surgical technique and the risk of stroke with CABG. Careful pre-operative evaluation of patient risk factors, screening of the ascending aorta, assessment of carotid artery disease, implementation of no-touch techniques in high-risk patients, and aggressive and prompt treatment of post-operative atrial fibrillation remain mainstay strategies to reduce the risk of stroke in CABG-treated patients. Study limitations. This report has some limitations that should be acknowledged. Follow-up was restricted to 1 year, and therefore whether the observed differences would remain constant, increase, or diminish with longer-term follow-up is unknown. Because this meta-analysis was based on aggregate data, we could not analyze the potential influence of classical risk factors for stroke such as diabetes and prior stroke. Few studies reported mortality rates subsequent to stroke occurrence, and therefore we could not investigate the relation between stroke and mortality. Definitions of stroke were not uniform across trials. Finally, observational studies are subject to confounding, and these results were not adjusted for differences in baseline characteristics. Nonetheless, the results in these real-world patients were consistent with those from the RCT, providing support that the observed differences in stroke between CABG and PCI are real. 
Conclusions
In this large contemporary meta-analysis of patients with CAD undergoing revascularization, CABG was associated with significantly higher rates of stroke compared with PCI at 30 days and 1 year, with no significant interaction apparent between the extent of CAD and revascularization method on the relative risk of stroke.
